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To all whomy it may coneceriv:

Beit known that I, JOHN PATTEN, a citizen
of the United State% residing at New York,
inthecounty of New York,State of New York,
have invented certain new and usetul Im-
provements in Compound Steam-Engines, of
which the following is a specification. .

This invention r elates to an improved com-
pound steam-engine in which the piston in
the high-pressure cylinder acts as a valve for
the low- -pressure cylinder. The engine can
be made either single or double acting.
the accompanying drawings the invention is
illustrated in both single and double acting
engines, the e¢ranks being set about one hun-

dred and twelve degrees apart; but the an-

ole between the cranks may vary from ninety
to about one hundred and thirty degrees, ac-
cording to the performance required of the
engine. |

Tn the drawings, Figure 1l is a plan view of |

a double-acting engine complete, the pistons
being shown in dotted lines. Iig. 2
elevation of the same, partly in section, the
section being taken centrally of the high-
pressure cylinder. Kig. 3 is a side view of
the eylinders, showing the valve-gear for the
Fig. 4 15 a
on the line A A of Fig. 5. Fig. 5 is a hori-
zontal section through thecylinders, and Iig.
6 is a central section through a vertical sin-
gle-acting engine embodylnﬂ* the 1invention.
Referrmﬂ' 130 Figs. 1 to 5, inclusive, of the
drawings, whieh showa double-—actin g engine,
a indicates a bed-plate upon which are mount-
ed the high and low pressure cylinders b and
¢ and the other usual working . parts of the
engine. The high - pressure c¢ylinder, as
shown, is about twice as long as the low-pres-
sure cylinder and contains two pistons 1 and
2, which are secured to the piston-rod 3. At
the opposite ends of the high-pressure cylin-

der are steam inlet and exhaust ports con- !

trolled by a valve-gearing of usual construc-
tion. Inthedrawings this gearingis of the Cor-
liss type, and steam 1S admltted to the high-
pressurecylinderthrough ports4and b and eX-
hausted through ports 6 and 7, said ports be- |
ing arranged at the opposite ends of the cyl-
inder.

In

218 a side

section

center of the high-pressure eylinder,and the
piston 1 travels between this port and the
left-hand end of the cylinder, while the pis-

ton 2 travels between said port and the right-
hand end of the cylinder. The low-pressure
cylinder ¢, as shiown, 1s arranged at the side
of the high-pressure ¢ylinder, and ports ¢ and
10 at t,he opposite ends of the cylinder ¢ com-

‘municate directly with the interior of the

high-pressure cylinder b. A piston 11 is ar-
ranged in the low-pressure cylinder upon a
piston-rod 12, and the piston-rods 3 and 12
are con nected to the engine-shaft by cranks
13 and 14, respectively, and suitable connect-
ing-rods 3% and 12%, said ceranks being in the
ptesent instance almnwed ab an a,nc-*le of
about one hundred and twelve degrees apart.
This angle may, as previously st&ted be va-
ried from ninety degrees to about one hun-
dred and thirty degrees. The valve-gearing
is operated in the usual manner by means of
an eccentric 15 and rod 15, and the point of
cut-off is regulated by the operation of a cen-
trifugal governor 16. As the Corliss valve
mecha,msm is ' well known, a detailed descrip-
tion of 1t 1S unnecebsars 111 will be seen that
with this construction the pistons in the high-
pressure cylinder which sweep past the ports
9 and 10 will control the admission of steam
to the low-pressare cylmdel as well as the
exhaust therefrom.

The operation is as follows: When the en-
gine is turning in the direction indicated by

‘the arrow and the pistons in. the high-pres-

sare cylinder are at the end of the rearward
stroke and nearly stationary, the low-pres-
sure piston, owing to the angular relation of
the cranks, will be moving rapidly to the rear.
In this position of the parts (shown in Fig. 5)
the rear end of the low-pressure cylinder is
in communication with the exhaust-port S
through the port 10 and the space between

the plstons 1 and 2, while the steam from the

forward end of the hlgh preqsure eylinder ex-
pands through the port 9 into the low-pres-
sure cylinder- against the forward side of the
piston 11 and drives the latter rearwardly.
Steam is then admitted through the steam-
port 5 behind the high-pressure piston 2, and

An exhaust- -port 8 is arranged in the | the latter, with the 10d 3 and piston 1, move
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fofwa,i'd, the steam being automatically cut | out of'f the high-pressure cylinder by the re-

off at the proper time by the governor.
When the piston 1 in its forward movement
passes the port 9, the low-pressure piston is
at the rear end of-its eylinder and the steam

from the forward side of the low-pressare

piston passes out through the port 9 and the
space between the pistons 1 and 2 to the ex-
haust-port 8. At the same time the exhaust-
port 6 in the high-pressure cylinder is opened
and the steam in advance of the piston 1
passes through said port. When the crank
14 1s past the rear dead-center and the low-
pressure piston is about to move forward, the
piston 2 will have passed the port 10 and the

pand through said port into the low-pres-
sure cylinder in the rear of the
The pistons in both cylinders will then for a
time be moving in the same direction, the

~ high-pressure pistons being near the com-
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pletion of the forward stroke while the
low-pressure piston is starting on the for-
ward stroke.
move through the greater part ot its forward
stroke while the high-pressure pistons are
moving slowly, completing the forward stroke
and starting on the return stroke, owing to
the angular relation of the cranks, and hénce

there will be but little back pressure on the
piston 2. Steam .is then admitted through

‘the port 4 to the forward side of the high-

pressure piston 1 and automatically cut off
at the proper time. As the low-pressure pis-

‘ton completes its forward stroke the piston 2

In its rearward movement passes the port 10,
permitting the steam from the rear end of the
low-pressure cylinder to pass through said
port and out through the exhaust-opening 8.
The exhaust-port 7 opens at the same time to
relieve the pressure from the rear of the pis-
ton 2, and the piston 1 passes the port 9 and

permits the steam from the forward end of

the high-pressure cylinder to expand into the
forward end of the low-pressure c¢ylinder just;
as the piston in said latter eylinder is in po-
sitlon to commence its rearward stroke. This
cycle of operations will be repeated continu-
ously as long as steam is admitted to the en-
gine. If the load upon the engine should be
great enough to cause the governor to admit

steam to the high-pressure eylinder through-

out the greater part of the stroke or until the
high-pressure piston which is acted upon
passes the cominunicating port between the
high and low pressure cylinders, it will be
Sseen that steam at full boiler-pressure will
pass through said port to the low-pressure
cylinder, and hence the pistons in both ¢yl-
inders will be acted upon by steam at boiler-
pressure. 'T'his action would also occur in
engines which are not provided with auto-
matic cut-off devices. ’

In compound engines of the usual types the
steam 18 admitted into the high-pressure cyl-

inder and expanded therein and is then forced |

piston 11.

The low-pressure piston will

|

|

turn stroke of the piston into the low-pres-
sure cylinder, the high-pressure piston being
thereby subjected to back pressure equal to
the working pressure of the low-pressure eyl-
inder. In the present invention while the
steam 18 acting upon the low-pressure piston
the high-pressure piston is almost stationary,
and there is practically no back pressure upon
the high-pressure piston. 'The single charge
of steam which is admitted to the high-pres-
sure cylinderis cut off at the proper point by
the operation of the governor and expands in
sald cylinder, and when the high-pressure
piston has completed about two-thirds of its
stroke the steam expands through the com-
municating opening into the low-pressure.cyl-
inder. IHence the single charge of steam ex-
pands to the volume of both eylinders, and
as the back pressure upon the high-pressure
piston is eliminated very much more power
from the same voiume of steam is obtained
thaninothertypesof compoundengines. The
cranks are set at such an angle to one another
that the engine will not stop on a dead-cen-
ter and the engine has about equal starting
power in any position. The construction of
the engine is simple, and the valves for the
low-pressure cylinder are dispensed with, the

‘pistons in the high-pressure cylinder perform-

1n2 that function. In large engines it is de-

sirable to provide the exhaust-valves 6 and 7

for releasing the steam from the ends of the
high-pressure cylinder after the pistons have
passed the communicating ports; but in
smaller engines, if desired, these exhaust-
ports 6 and 7 may be omitted, the pistons be-
ing allowed to cushion against the steam,
which they confine at the ends of the cylin-
ders, and to compress the steam to the boiler-
pressure, as is customary in many kinds of
sSteam-engines.

Fig. 6 illustrates the invention applied to a
vertical single-acting compound engine. In
this figure &' indicates the high-pressure cyl-
inder, ¢’ the low-pressure eylinder, and d the
usual casing inclosing the working parts of
the engine. The cylinders are provided with
heads at their upper ends only, the lower ends
communicating with the interior of the cas-
Ing. Within the low-pressure cylinder is ar-
ranged a piston 16, connected to a crank 17
upon the crank-shaft 18 by a rod 19, and the
piston 20 of the high-pressure cylincder Is_cun-
nected by meansof rod 21 tothecrank 22. As
in the previously-described engine,the cranks
are arranged at an angle of less than one hun-
dred and eighty degrees and preferably be-
tween ninety and one hundred and thirty de-
grees apart. Connected with the piston 20
by a rod 23 1s a movable head 24. A com-

municating opening 25 is formed between the
‘high-pressure c¢ylinder and the upper end of
the low-pressure cylinder, and an exhaust-
opening 26 is arranged about the center of
the high-pressure cylinder.

The movable
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head 24 in this engine is adapted to prevent
the exhaust-steam from the low-pressure cyl-
inder from passing down into the casing and
to direct it through the opening 26. At the
left of the high-pressure ¢ylinder are shown
two eylindrical gnideways 27 and 28, within
which are arranged the inlet and exhaust
valves 29 and 30,which control the steam ad-
mission and exhaust ports 31 and 32, respec-

tively, for the high-pressure ¢ylinder. These

exhaust-ports are shown in dotted lines at the
back of the valves.

opening 34 connects the upper end of the
guideway 28 with the upper end of the high-
pressure cylinder 6'. The lower ends of the
guideways communicate with the interior of
the casing d. The steam-inlet valve 31 is
actuated by a rod 35, operated from an ec-
centric 56 upon the main shaft, said eccentric
being set about forty degrees in advance of
the crank 22, which is connected to the high-
pressure piston. The exhaust- valve 30 is
actnated by a rod 37, which is operated by
an eccentric 38 upon the crank-shaft, said
eccentric being set at an angle of about forty
degrees behind the crank-pin 22. In opera-
tion when the steam-valve 29 moves down-
wardly far enough to uncover the port 31
steam enters the high - pressure cylinder
through ports or openings 33 and 34. The
steam thus admitted drives the piston 20

downward, and the steam-valve 29 closes the

port 31 before the piston passes the port 25.
As the piston 20 passes the port 25 the low-
pressure piston 16 is at the commencement

of 1ts stroke, and the steam expanding

through port 25 acts apon said low-pressure
piston.
nearing the end of the downward stroke and
starting on the upward stroke, the low-pres-

sure piston moves through the greater part

of its downward stroke. When the high-
pressure piston in its upward stroke passes
the port 25, the steam from the low-pressure
cylinder passes through said port and the
space between the piston 20 and head 24 and
passes out through the exhaust-port 26. The

exhaust-valve 30 then opens the port 32, per-

mitting steam from the upper end of the high-
pressure cylinder to escape therethrough. It
will be evident that this operation will be con-
tinuously repeated as long as steam is admit-
ted to the engine. |

Having described my invention, what I
claim, and desire to secure by Letters Patent,
18—

1. Ina compound steam-engine the combi-
nation of a high-pressure cylinder having a
valve-controlled steam-inlet port at one end
and a central exhaust-port, a low-pressure
cylinder having a port at one end communi-

cating with the high - pressure cylinder be- {

tween the steam inlet and exhaust ports of
the latter, a piston within the low-pressure

An opening 33 connects
sald guideways at their upper ends, and an

While the high-pressure piston is

i b il

83

| cylinder and a pair of connected piston-heads

in the high- pressure eylinder, one of said
heads being movable between said steam and
exhaust ports and adapted to pass beyond
the port communicating with the low-pres-
sure cylinder in each direction of its move-
ment, thereby connecting said communiecat-
Ing port alternately with the steam-space of
the high-pressure cylinder and with the ex-
haust-port, and the other head being movable
between the exhaust-port and the opposite
end of the c¢ylinder. | | -
2. In a compound steam-engine the combi-
nation of a high-pressure cylinder having a
valve-controlled steam-inlet port at one end
and a central exhaust-port, a low-pressure
cylinder having a port at one end communi-
cating with the high-pressure cylinder be-
tween the steam inlet and exhaust ports of
the latter, a piston within the low-pressure
cylinder and a pair of connected piston-heads
in the high-pressure cylinder, one of said
heads being movable between said steam and

exhaust ports and adapted to pass beyond

the port communicating with the low-pressure
cylinder in each direction of its movement,

thereby connecting said communicating port
alternately with the steam-space of the high-

pressure cylinder and with the exhaust-port,

and the other head being movable between

the exhaust-port and the opposite end of the

cylinder, a crank-shaft and ceranks to which
the pistons in the high and low pressure cyl-

inders are connected, the angular relation of

the cranks being less than one hundred and

eighty degrees. |
3. In a compound steam-engine the combi-
nation of a high-pressure cylinder having
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valve-controlled steam-inlets at both endsand

a central exhaust-port, a low-pressure cylin-

der having ports at both ends communicating
with the high-pressure cylinder at opposite

105

sides of sald central port, a piston in the low-

pressure cylinder movable between the com-
municating ports and two pistons in the high-
pressure cylinder movable across said com-

TIO0

municating ports and operating as valves

therefor.

4. In a compound steam-engine the combi-

nation of a high-pressure cylinder having
valve-controlled steam-inlets at both endsand
2 central exhaust-port, a low-pressure cylin-
der having ports at both ends communicating
with the high-pressure cylinder at opposite
sides of said central port, a piston in the low-

municating ports, two pistons in the high-
pressure cylinder each movable across one of
sald communicating ports, a crank-shaft, and

cranks to which said pistons are connected,

the angular relation of the cranks being less
than one hundred and eighty degrees.

115

120

Ppressure cylinder movable between the com-

125

5. In a compound steam-engine the combi-

nation of a high-pressure cylinder having

i valve-controlled steam-inlet ports at both

130
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ends and a central exhaust-port, a low-pres-
sure cylinder having ports at both ends com-
municating with the high-pressure cylinder
abt opposite sides of said exhaust-port, a pis-
ton in said low-pressure cylinder, and two
connected pistons in the high-pressure cylin-
der on opposite sides of said exhaust-port,
each piston.in the high-pressure cylinder be-

ing movable acrossone of said communicating
ports and operating as a valve therefor.
In testimony whereof I affix my signature
in presence of two witnesses. |
JOHN PATTEN.

Witnesses: |
HARRY W. HAHN,
K. 5. BELT.
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